Social theories relating heat stress to aggressive behavior and aggression-related affects can be found in writings as ancient as those of the Rome of Cicero (106-43 B.C.) and as recent as last summer's newspapers. References to hot temperatures producing aggression can be found in works as hallowed as Shakespeare's Romeo and Juliet and as obscure as a 1985 Ohio State student newspaper cartoon. If consensus were truth, then scientific investigation of the hypothesis that temperature influences aggression would be unnecessary.
Social theories relating heat stress to aggressive behavior and aggression-related affects can be found in writings as ancient as those of the Rome of Cicero (106-43 B.C.) and as recent as last summer's newspapers. References to hot temperatures producing aggression can be found in works as hallowed as Shakespeare's Romeo and Juliet and as obscure as a 1985 Ohio State student newspaper cartoon. If consensus were truth, then scientific investigation of the hypothesis that temperature influences aggression would be unnecessary.
But consensus is not truth; it provides no evidence relevant to the validity of the social theory. Demonology as a social theory of aberrant behavior was a widely held belief, but the belief failed to prove either the existence of demons or their role in mental illness. Thus the temperature-aggression hypothesis has appropriately received considerable empirical attention in the last 100 years, as various social philosophers, social geographers, and others have wrestled with the problems of violence in society (e.g., Aschaffenburg, 1903 Aschaffenburg, /1913 Dexter, 1899; Lombroso,1899 Lombroso, /1911 .
A recent review revealed that the relation between temperature and aggression-related variables is neither as clear nor as simple as the consensus social theory would have it (Anderson, 1989) . Itis true that archival data and field studies demonstrate that hotter temperatures are associated with increases in aggressive behavior of many types, including murder, rape, assault, family disturbances, and spouse abuse. Furthermore, the wide range of methodologies used in those studies and the consistency of their findings make the obvious alternative explanations implausible. The theoretical gains from this nonlaboratory literature, however, have been meager. At present there is no well-supported theory of the temperatureaggression relation, because of a host of problems.
PROBLEMS WITH THE CURRENT STATE OF KNOWLEDGE
First, the archival and field studies do not test theories designed to explain why hot temperatures are associated with increased aggressiveness. This is because the kinds of additional variables needed-such as the arousal, affective, and cognitive states of the target populationsare simply unavailable for analysis. Studies of violent and nonviolent crime can tell us about patterns of behavior but not about hypothesized mediating variables.
The inability of archival and field studies to address fine theoretical points suggests the testing of these theories in laboratory settings. Major attempts in this direction have been made, primarily by Baron and Bell (e.g., 1976 ; see also Baron, 1979) . Here, the second major problem arises: The many laboratory experiments that have examined the temperature-aggression relation have produced markedly inconsistent findings (Anderson, 1989; Anderson & DeNeve, 1992) . There are several plausible reasons for this state of affairs, one of which involves subject reactivity problems. Specifically, subjects participating in hotter conditions may be more suspicious about the true purpose of the experiment, especially when the main task involves delivering shock or other harm to another person. If this happens, subjects in the hot conditions may artifactually decrease their aggression (cf. Anderson, 1989; Rule & Nesdale, 1976) . If the obviousness of the experimental situation or the stage management skills of experimenters varies between studies, or if the strength or accessibility of the underlying social theory varies in the different subject populations, the result will be inconsistent temperature effects.
A third, and related, problem concerns the limited range of dependent variables used in past laboratory work. With only a few exceptions, the past work has focused on aggressive behavior rather than the broader class of aggression-related behavior relevant to the temperature-aggression hypothesis. That is, the hypothesized effects of hot temperatures on variables such as hostility, anger, and general positive and negative affect have received scant attention. This narrowness is understandable in light of the apparent goal to establish a consistent pattern of results linking temperature to behavior. However, the inconsistencies of past results, the potential artifactual problem, and the need to assess potential mediators all suggest that a new line of inquiry may be more fruitful at the present time.
In our view the most fruitful approach consists of two parts. First, the research needs to be grounded in a solid and general theoretical context, one that relies on a broadly based theory of affective aggression, rather than in a specific theory derived mainly to deal with temperature. Second, the research needs to examine the effects of temperature on the whole range of variables suggested by the broad theory. This article presents a broad theory of affective aggression, notes how temperature may influence several processes delineated in the theory, Anderson et al. / AFFECTIVE AGGRESSSION 435 and presents two experiments designed to test the effects of temperature on several variables that may mediate the temperature-aggression relation. More specifically, the theory reveals that hot temperatures may increase aggressive tendencies by priming hostile feelings, by priming hostile cognitions, or by increasing physiological arousal. The reported experiments test the viability of each possibility.
A THEORYOF AFFECTIVE AGGRESSION
Similarity of Models
We examined key theories and research in this domain to derive testable predictions that do not rely on reactive behavioral measures of aggression. The theories are Berkowitz's cognitive-neoassociationistic analysis of aggression (e.g., 1990), Baron and Bell's negative affect escape model (e.g., Baron, 1979) , and Zillmann's theory of excitation transfer (e.g., 1983). 1 Geen's (1990) analysis of affective aggression provides an excellent framework for understanding the more specific phenomena to which the other theories refer.
Although these are separate theories, they overlap in many important respects. For example, the Berkowitz (1990) model emphasizes the importance of cognitive associations. It predicts that uncomfortable conditions should automatically prime aggressive though ts and feelings, perhaps even to the extent of influencing memories. Because expressive-motor programs (or schemata) are included in the list of possible associates in the cognitive network, the model can also handle effects of temperature on some measures of subjective and objective arousal. This provides some overlap with Zillmann's (1983) approach, for arousal is its major component. As applied to the temperature-aggression effect, unexplained arousal from uncomfortably hot temperatures may be transferred or "misattributed" to a more salient anger-producing source, such as an insulting interaction partner.
Similarly, although the negative affect escape model focuses on aggressive behavior, it also hypothesizes that negative affect underlies the effects of temperature. Specifically, negative affect is seen as increasing aggressive motives and is seen as resulting from hot temperatures. Thus this and Berkowitz's models predict a temperature effect on general negative affect. In addition, if we view affective aggression as being motivated by feelings of anger or hostility, then both models make the same prediction regarding the effects of hot temperatures on these more specific types of negative affect. Figure 1 related ideas, supporting research, and more specific details of this approach, interested readers will find Geen (1990) and Berkowitz (1990) particularly helpful.
An Integrated Theory of Affective Aggression

BASIC INPUT
At the first level we enter the model with acute situational variables. These may be anything in the current situation that influences the person's current state. Being uncomfortably hot (vs. comfortably cool) is one such variable. Frustrating events or physical or verbal attacks are other acute events of particular relevance to the instigation of aggression. Multiple situational variables, each of which is "annoying" in some way, likely produce additive (and possibly multiplicative) effects. The background level of annoyance must be at a level that allows additional annoyances to produce an effect on the cognitive, affective, and arousal variables. If the person is already enraged, then hot temperature is unlikely to have additional effect. Conversely, if the person is in an extremely positive state, then brief exposure to hot temperatures is unlikely to have any impact. What it takes to reach the optimal background level of annoyance is impossible to specify in advance. For this reason, Experiment 1 included a two-level frustration manipulation. We hoped that at least one level of frustration would produce a background level of annoyance that would be sensitive to temperature effects.
Acute situational variables influence the current state of the person by influencing the interpretation and understanding of incoming information. Certain types of interpretations become more likely, whereas others become less likely, via standard schematic processes that produce cognitive and motivational biases in the explanation process (e.g., Kruglanski, 1989) . Thus a person who is uncomfortably hot or has been insulted or who is in pain is relatively more likely to access hostility-related schemata than a person who is comfortable, praised, or experiencing pleasure.
Schematic knowledge structures include thoughts, feelings, memories, and behavioral scripts, and tend to be linked in memory in meaningful ways. Affect may well indeed be a prime source of organization of such networks, although such a claim is not central to our theory. What is central is the idea that activation of one element in a network tends to increase automatically the accessibility of other elements in that network, as a function of the strength of the linkage and the strength of the initial activation. Thus seeing the name of your old nemesis 'Joe Snerd" in the newspaper may be sufficient to (a) activate old memories about how he unfairly disparaged your work, (b) reinstate the hostile feelings you experienced, and (c) get you plotting your revenge. Furthermore, such priming may spread to other hostility-related memories, thoughts, and scripts. In brief, acute situational variables can prime aggression-related cognitions, affects, or both.
Acute situational variables have another pathway to aggression. Many such variables influence the person's state of arousal. Pain, for instance, tends to increase arousal. As noted in the figure, it is important to distinguish between physiological arousal and the person's perception or feeling of arousal. Such arousal effects may influence later variables in the model through excitation transfer processes.
PRIMARY APPRAISAL
The second level begins with three types of states. One concerns the cognitive schemata that are available for use in processing incoming information. A second concerns the affective state through which the incoming information is filtered. The third concerns the state of arousal.
Primary appraisal is seen as immediate, automatic, and very fast. It requires relatively little cognitive effort. People interpret both the current situation and their own affective state quickly, with particular reference to harm, intent, and malice, as well as feelings of anger. Schemata that are currently most accessible influence these interpretations, especially when the situation is ambiguous.
Obviously, if Joe Snerd punches you in the nose, there is little room for schematic biases in interpretation. People with an active friendliness schema will arrive at much the same interpretation as those with an active hostility schema.
However, social situations are often unclear in meaning. If Joe Snerd apologizes to you for previously disparaging your work, your interpretation of the apology, your affective reaction, and, ultimately, your behavioral response may very well depend on which type of schema was active. A hostile schema might lead you to look for and find self-serving motives behind the apology, whereas a friendliness schema might yield a magnanimous interpretation.
Current affective state will have much the same effect on primary appraisal, although the processes producing the similar effects will differ (Kruglanski, 1989) .
State of arousal can also influence one's primary interpretation, as Zillmann (1971 Zillmann ( ,1983 has shown in a variety of contexts. Unexplained arousal from a subtle source may be misattributed to a more salient event or person in the immediate situation. This excitation transfer can increase the affective response to the salient event, but it cannot change the direction of the response. That is, excitation transfer can increase the positive reaction to a positive event, or the negative reaction to a negative event, but it cannot make one like a negative event or dislike a positive event.
SECONDARY APPRAISAL AND BEYOND
When time and cognitive resources are available, the results of primary appraisal processes are further evaluated in a more thoughtful, effortful, and conscious secondary appraisal process. Additional information may be brought to bear, information that may completely override that primary appraisal. For example, you may learn that Joe Snerd hit you because he had just been told that you had shot his wife. Although no such shooting had taken place, the fact that you believe that Joe believed it to be true will lead you to reinterpret the meaning of the punch in the nose. Other aspects of secondary appraisal include consideration of various behavioral responses to the punch, your ability to carry them out, and the likely consequences of these alternatives. Additional attribution and related decision processes occur at this stage, ultimately leading to a behavioral response. These are not the focus of our current work, however, and will not be further discussed in this article.
The Case for Temperature
This general theory of affective aggression suggests three possible routes for hot temperature effects on a Zillmann, & Bryant, 1975) .
In sum, testing the general theory of affective aggression in the temperature domain requires examining the effects of heat on hostile feelings, hostile cognitions, perceived arousal, and physiological arousal. In addition, general positive and negative affect was deemed worth exploring.
A HOT EXAMPLE
How might hot temperatures contribute to violence in society? Imagine yourself in the following scenario. You are driving home from work on a crowded highway. It is mid-August, your air conditioner is not working, and you are hot. Hostility-related schemata are primed because of the discomfort. The heat has also increased your general level of arousal. You feel miserable. Suddenly, the black Firebird that has been tailgating you speeds past and then cuts you off, almost forcing an accident. A typical reaction, perhaps yours, would be to experience high anger, to interpret the action as intentionally aggressive, and to blast the horn. Such encounters have led to shoot-outs in a number of U.S. cities in recent years.
How would a functional air conditioner change this scenario?
Theoretically, a comfortably cool person would be less likely to have hostility schemata primed, would not feel so hostile, and would not experience a temperature-based increase in general arousal. Thus the Firebird episode would be less likely to elicit an aggressive interpretation; the action may be seen as simply foolish, rather than hostile.
Obviously, such temperature effects are unlikely to prove the most important factor in affective aggression. Just as obviously, the general theory predicts that such effects should control some amount of variance in cognitions, affect, interpretations, and, ultimately, behavior. In the many ambiguously aggressive encounters that occur daily, uncomfortably hot temperatures are likely to ignite already inflammable tempers in at least some cases.
PAST WORK ON AFFECT, COGNITIVE STATE, AND AROUSAL
Affect
Past laboratory studies have looked at temperature effects on affect, although none have explicitly focused on feelings of hostility or anger. In most studies the affect measures were used primarily as manipulation checks. For instance, it has been shown that people in hot rooms rate the rooms (or themselves) as hotter, more unpleasant, and more uncomfortable than do subjects in normal temperature rooms (Baron & Bell, 1975 , 1976 Bell & Baron, 1974; Bell, Garnand, & Heath, 1984; Griffitt, 1970; Griffitt & Veitch, 1971) . Griffitt and Veitch (1971) included a state measure of aggressive affect and provided the only supportive evidence to date of temperature effects on aggressionrelated affect. Subjects completed a variety of moodrelated items under either hot or normal temperature conditions. Results showed significant temperature effects on many mood variables. One such variable was aggression, which was significant at the 505 level. However, a previous study using similar procedures and measures did not find aggression to be significantly influenced by temperature (Griffitt, 1970) . Interestingly, both studies showed that hot temperatures produced lowered levels of attraction to a target stranger, although this effect was only marginally significant (p < 7)7) in Griffitt and Veitch (1971) . In sum, we believe that Griffitt's studies do support our theory, but we had to admit that those data were somewhat weak and in need of replication and more direct attention. Both of our experiments do this.
Cognitive State
Only one study has examined the effects of hot temperatures on variables that might be seen as indicators of cognitive state. Rule, Taylor, and Dobbs (1987) asked subjects to read and to complete story stems under normal or hot conditions. Some of the story stems were aggression relevant, whereas others were not. Content analyses of the written completions revealed an interesting interaction. For aggressive story stems, heat appeared to increase the proportion of aggressive elements. However, this did not occur for neutral story stems. Although intriguing, these results do not provide as much support for the general model as a first reading might indicate. One problem concerns the failure to get a temperature effect when the stems were neutral. The theory does not require any other sort of aggressive prime for temperature effects to operate. A second problem concerns the separability of the cognitive from the affective. Perhaps the aggressive elements simply reflected a priming of affective components, rather than a priming of cognitive elements. The results of Rule et al. are suggestive but not conclusive. Experiment 1 included measures of cognitive state that were more clearly separable from affect. In addition, several procedural features were included to allow stronger tests of the general model.
Arousal
The relation of various physiological measures of arousal to temperature variations is far from clear, although there are hints that hot temperatures increase heart rate, decrease self-reported arousal, and increase activity level (Anderson, 1989; Bell, 1981; Rotton, 1985; Rotton, Shats, & Standers, 1990) . In addition, the relation between physiological indicators of arousal and self-reported arousal is often quite weak (see Cacioppo & Petty, 1986) . Finally, the relevance of perceptions of arousal to an excitation transfer model is unclear. The results of at least one study (Cantor et aI., 1975) suggest that the discrepancy between perceived arousal and physiological arousal is crucial in excitation transfer. Specifically, excitation transfer seems to occur when physiological arousal is somewhat elevated while concomitant perceptions of arousal are not. Thus both of the present experiments included several simple physiological measures of arousal and a measure of perceived arousal to explore these possibilities.
An additional issue concerns the measurement of physiological arousal. Many have questioned the whole concept of some generalized physiological arousal. Among those researchers who find the concept useful, there is disagreement on how best to measure it. Certainly the best measures are likely to differ from one experimental context to another. We have chosen to assess heart rate and blood pressure, for several reasons. First, these have been successfully used in a variety of excitation transfer studies (e.g., Zillmann, 1971) . Second, we needed noninvasive procedures.
Third, other popular measures such as various electrodermal ones (Blascovich & Kelsey, 1990) were deemed inappropriate for assessing arousal under varying temperature conditions. The increased sweat gland activity in hot temperatures would render interpretation of such measures difficult: Is it truly arousal or merely thermoregulation? This last point also raised concerns about the value of the blood pressure measures. Specifically, we know that one thermoregulatory mechanism involves dilation of peripheral blood vessels to increase heat transfer from the skin; this may also reduce blood pressure and thus counteract any increase in true arousal produced by hot temperatures.
Thus heart rate was expected to be the best indicator of physiological arousal. We assessed blood pressure also, mainly because of its use in past related research.
OVERVIEW OF BOTH EXPERIMENTS
Our goal in these experiments was to test the viability of each of the three proposed routes for temperature effects on aggressive behavior. That is, we wanted to see which route(s) could serve as potential explanations for the temperature-aggression relation obtained in previous studies. Subsequent research can then focus on following up the route or routes that yield reliable temperature effects. Thus we did not assess aggressive behavior in these studies. This approach yields both theoretical and practical results. Theoretically, a route that fails to show reliable temperature effects cannot account for phenomena that occur later in the model (e.g., appraisal and behavioral effects). Practically, this means that subsequent research can and should focus on the most promising pathways through the model. EXPERIMENT 1 The purpose of Experiment 1 was to examine the effects of hot (compared to normal) temperatures on arousal, cognitive state, and hostile affect. Both perceived arousal and physiological arousal were assessed. Frustration level was also manipulated to increase the chances that an appropriate background level of annoyance was included.
Method DESIGN AND OVERVIEW
The experiment employed a2 (Frustration) X3 (Temperature) factorial design that crossed frustration level (low vs. moderate) with temperature (comfortable, warm, and hot). Participants were randomly assigned to one of these six conditions. Frustration was manipulated by having the participant playa Pac Man-type video game with the joystick either in the normal position (low frustration) or in an inverted position (moderate frustration). The main purpose of having subjects play the video game was to occupy their time while experiencing the assigned temperature. Furthermore, the video game provided the cover story. Room temperature was controlled by air conditioning and heating equipment that was adjusted and set prior to the room's use. Humidity was controlled by a portable humidifier and was kept at about 40% for all conditions.
PARTICIPANTS
A total of 59 female and 48 male undergraduates at a large midwestern university completed all materials. of hours of exercise per week, height, and weight. The latter measures were taken as part of the cover story. Participants were told that they would playa challenging video game in a temperature-controlled room in which the temperature had been set to one of the three temperature conditions: normal, warm, or hot. After these instructions were given, the participant's blood pressure and pulse were measured twice, with a la-second interval between measurements to prevent invalid readings because of constricted blood flow from the first measurement.
Participants were told that these measures were being taken to additionally examine the effects of temperature on physiological measures, to see how they all relate to cognitive performance.
It was explained that this first set of physiological measures was to establish a baseline.
Next, participants were escorted to the game room, which was randomly set to one of the three temperatures in advance. Because of the age of the building in which the temperature lab resides, it was not possible to control temperature precisely. The actual ranges were 72°F-78°F for the comfortable condition, 79°F-86°F for the warm condition, and 87°F-94°F for the hot condition. The joystick used to play the video game was placed either in a normal position (for the low-frustration condition) or in an inverted position (for the moderate-frustration condition).
Experimenters were unaware of these manipulations until they escorted the subject to the game room. After arriving at the game room, the participant was told the following: This is the video game that was mentioned earlier. Please take your performance seriously as I would like you to play the game to the best of your ability for the next 10 minutes. Please tell me if you finish the game before the time is up and I will record your score and restart the machine for you. I will tell you when to begin and when your time is up.
After the instructions were read, the game was demonstrated, and procedural questions were answered, physiological measurements were taken again. Participants played the game for 10 minutes, after which the physiological measures were recorded a third time. Participants then completed three sets of rating scales. The first set measured perceptions of the video game. Participants rated the ease, enjoyability, frustration, violent content, violent graphics, pace of action, and length of pauses that were associated with the game using 7-point scales (Anderson & Ford, 1986) .
The second set of scales measured self-reported arousal. Sixteen adjectives were rated on 7-point scales (1 = does not describe how I feel at all to 7 = accurately describes how I feel). Eight of the adjectives reflected high arousal, whereas the other eight reflected low arousal. A total arousal score was derived by reverse scoring the lowarousal subscale and then summing the two subscales. Thus, the higher the total score, the greater the arousal that was reported (see appendix for the Perceived Arousal Scale [PAS] ).
The third set was described to participants as a Current Mood Scale. This scale was actually designed to measure state hostility. A total of 35 self-relevant statements containing anger-and hostility-related adjectives and actions from the Multiple Affect Adjective Check List (MAACL; Zuckerman, Lubin, Vogel, & Valerius, 1964) and the State Anger Scale (Spielberger, Jacobs, Russell, & Crane, 1983) were rated on a 5-point Likerttype scale (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree). Subjects received the following written instructions:
"Please indicate the extent to which you agree or disagree with each of the following mood statements.
Use the following 5-point rating scale. Write the number corresponding to your rating on the blank line in fron t of each statemen t." Each item consisted of the sentence frame "I feel x," where x was the adjective or action. For example, one adjectivebased item was "I feel discontented"; one action-based item was "I feel like banging on the table." Eleven were items such as "I feel polite"; such items were reverse scored. All items were then summed to form a composite measure of state hostility.
Next, physiological measures were taken a fourth time. In keeping with the cover story, participants were given a bogus debriefing and a department experiment evaluation form, and they were told to report to another room for the second study. Although the debriefing times varied slightly, most participants were on their way to the second study within 10 minutes.
Phase 2. Participants were greeted by a second experimenter of the same sex as the participant.
This experimenter was unaware of the temperature and the frustration condition of the subject. The participant was told the following:
We are senior psychology students interested in attitudes of the population of the university toward current issues. Our study will give us information about student views and general attitudes. All data that are collected will remain confidential, and your responses will remain anonymous.
Consent for the second experiment was then obtained, and the participant was given a packet of questionnaires and instructed to "read each item carefully and answer honestly and accurately according to your current mood and attitude. When you finish the questionnaire, place it in the appropriate envelope." A large manila envelope with the questionnaire title written on it was available for each of the three questionnaires.
A separate envelope was used to collect consent forms. The consent envelope contained numerous consent forms, so that subjects would believe that their responses were indeed anonymous.
The scales were as follows: 33 items from the Assault, Irritability, and Verbal subscales from the Hostility Inventory (Buss & Durkee, 1957) ; 26 items from the Extreme Interpersonal Violence, Corporal Punishment of Children, and Penal Code Violence subscales of the Attitudes Toward Violence Scale (Velicer, Huckel, & Hansen, 1989) ; and 11 items from the Rape Myth Scale (Burt, 1980) . These three questionnaires were labeled "Expressed Behavioral Tendencies," "Current Issues," and "Campus Issues," respectively. Items were rated using a 5-point Likert-type scale (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 = strongly agree) .
Each scale was originally designed to measure specific stable components of aggression, hostility, and anger. The Buss-Durkee (1957) scale consists of self-descriptive statements summarizing past hostile behaviors or feelings; in other words, the items assess beliefs about one's own hostility. The Velicer et al. (1989) and the Burt (1980) scales measure violence-or aggression-related attitudes or beliefs. From our perspective, these scales all measure cognitions concerning hostility and aggression. Priming one's hostility schemata should increase the accessibility of memories of one's past aggressive behaviors, for instance, thus increasing the endorsements of hostile behavior items. Preliminary analyses revealed substantial intercorrelations between these scales, so the items from the three scales were combined into a composite measure of hostile cognition (afterreverse scoring when appropriate) .
The final debriefing was designed to uncover any suspicions subjects might have had about the true nature of both of the experiments. It was apparent that six participants had guessed correctly at some aspect of the hypotheses; they were not included in the data analyses. The nature and reason for the deception involved in the experimental manipulations were explained, and questions abou t any aspect of the experiment were answered.
Experimenters.Five different research teams conducted the experiment. Each team was composed of three undergraduates. Each person within each team served in each of the two roles (Experimenter 1 or Experimenter 2). Role assignment was random, within the constraints of time schedules and the necessity of always having Experimenter 2 be of the same sex as the subject.
Notes on the physiological measures. The heart rate and blood pressure measures were taken with an oscillometric automatic constant-air-release blood pressure meter with a digital display (A & D Engineering, Model UA-701). This automatic device was used so that extensive training of experimenters would not be necessary. Subjects were not allowed to see their measures until after the first phase of the experiment was completed.
REsults
PRELIMINARY ANALYSES
Temperature control Actual temperatures
varied somewhat within each of the three temperature conditions. Thus a regression approach with temperature as a continuous variable was used to estimate more precisely the effects of temperature.
Analyses of variance using the three-level temperature manipulation revealed essentially the same results, although in a few cases, the results were slightly weaker.
Scale reliabilities. Item-total correlations suggested eliminating 1 item from the PAS, leaving a total of 15 items. Cronbach's alpha was then computed for each of the three composite dependent variable scales. In each case the internal reliability was quite high: state hostility = 0.93, hostile cognition = 0.91, and perceived arousal = 0.92.
Frustration manipulation check.
As expected, the video game was rated as more frustrating when the joystick was upside down than when it was in the correct orientation, F(l, 103) = 30.38, P < 00001. There were no other significant effects. The means for the low-and moderatefrustration conditions were 2.71 and 4.46, respectively.
MAIN ANALYSES
Perceivedarousal. The possible range of scores was 15 to 105. A series of regression analyses was conducted that examined all interaction and quadratic terms. The quadratic terms were included to test for any possible curvilinear relations between temperature and aggression.2 There were no significant quadratic effects (ps> 9)9).
A main effect of frustration demonstrated that persons in the low-frustration condition perceived themselves as less aroused than persons in the moderate-frustration condition, F(l, 100) = 7.56, P < 0808, Ms = 45.7 and 48.9, respectively. The main effect of temperature was marginallysignificant,F(l, 100) = 3.65, p< 6.6. Perceived arousal decreased when temperature increased. The main effect of the sex of the participant was not significant (p> 8)8).
The Sex x Frustration in teraction was significan t, F( 1, 100) = 8.25, P < 0606. Females reported considerably less arousal than males did in the low-frustration condition (Ms = 39.4 and 53.1 for females and males, respectively), but they reported slightly more arousal than males did in the moderate-frustration condition (Ms = 50.2 and 47.2 for females and males, respectively).
The Temperature x Frustration interaction also was significant, F(1, 100) = 7.25, P < 1.1. The slopes relating temperature to perceived arousal revealed that this interaction resulted from a strong negative relation in the moderate-frustration condition (b = 9,99, P < 1)1) and virtually no relation in the low-frustration conditions (b = 4,4, ns). None of the other interactions approached significance.
Physiological measures of arousal. At each of the four time periods, the physiological measures were assessed twice to increase accuracy. The averages of the two readings were used in all analyses. These readings were obtained at four different times: baseline (before the participant entered the game room) and three times while in the game room. If the temperature-aggression relation found in previous studies is due (in part) to physiological arousal effects, then we should find differences between the baseline measures and the average of the three measurements taken while the subject was in the game room, as a function of the temperature of the game room. We tested this specific contrast for heart rate and blood pressure. That is, we averaged the heart rate data across the three periods it was measured in the game room (where temperature was manipulated) and subtracted from this average the baseline heart rate. The same was done with blood pressure.
For heart rate, the Sex x Frustration x Temperature regression analyses on these change scores revealed two significant effects. First, there was a main effect of temperature, F(1, 99) = 4.25, P < 5.5. The regression line relating temperature to change in heart rate indicated that hotter temperatures produced increases in heart rate, whereas comfortable temperatures resulted in little change (b = 8,8, a = ) 
.).7). Plugging in relevant values
revealed that on average, one could expect a 3.2 beat per minute increase in heart rate at 94°F, whereas at 72°F, the average change was a drop of .8 beats per minute. This is evidence that hot temperatures do increase physiological arousal, at least under some circumstances. Second, there was a main effect because of frustration condition F(I, 99) = 3.99, P < 5.5. Persons in the lowfrustration condition (M = 3.62) showed a greater increase in heart rate than persons in the moderatefrustration condition (M = 1.39).
Blood pressure was analyzed in the same way except that type of blood pressure (systolic vs. diastolic) was also included as a within-subjects factor. The only significant effects involved the necessary differences between systolic and diastolic blood pressure. None of the temperature or frustration effects approached significance.
In sum, the heart rate data support those theories that explain the temperature-aggression relation via physiological arousal mechanisms. The lack of similar blood pressure effects suggests caution in making broad claims about general arousal in this context, but the blood pressure results may best be understood in terms of thermoregulation.
State hostility. State hostility scores could range from 35 to 175. As predicted, the main effect of temperature was significant, F(l, 104) = 10.15, P < 0202. The slope relating temperature to feelings of hostility (b = 0)0) indicated that as temperature increased, so did anger and hostility. Thus, at 94°F, the average level of state hostility was 78.9; the average at 72°F was 61.3. This provides strong experimen tal support for those theories that explain the temperature-aggression relation via affect mechanisms. Figure 2 presen ts the best fit regression line relating temperature to state hostility.
Hostile cognition. The possible range of scores was 70 to 350. The frustration manipulation had no effect (P> ).). As is frequently found in the aggression literature, there was a significant main effect of sex of participant, F(l, 102) = 15.63, P < 00001. Males displayed greater hostile cognition than did females (Ms = 177 and 160, respectively) .
Of primary interest was the temperature effect. Would a temperature manipulation that took place in a different study, in a different room, with a different experimenter have some impact on cognitive state measures of hostility? The main effect of temperature was indeed significant, F(I, 102) = 6.07, P < 2.2. The regression line relating temperature to hostile cognition (b= 1)1) indicated that as temperatures became more uncomfortably hot, subjects' self-reported traits, beliefs, and attitudes regarding aggression and violence became more hostile. Thus, at 94°F, the average level of hostile cognition was 189; the average at 72°F was 169. The regression line for this effect is also presented in Figure 2 .
Summary
The results of Experiment 1 suggest that hot temperatures may influence aggression through all three routes that have appeared in various theories. Hot temperatures appeared to increase physiological arousal while decreasing perceptions of arousal. This may be the ideal circumstance for excitation transfer results to occur. If a salient anger-inducing source were present in hot conditions, some of the arousal actually arising from the temperature could be "transferred" to increased perceptions of threat and anger in the primary appraisal stage. Additional work on this route is likely to prove fruitful.
Hot temperatures also increased feelings of hostility, even though there was no reasonable target for such feelings. Similarly, hot temperatures increased reported hostile cognitions. In other words, both of the routes also remain as plausible ways in which hot temperatures could increase aggressive behavior.
One question of interest concerns the directness with which hot temperatures influence affect and cognition. Were hostile cognitions directly primed by the hot temperatures? Alternatively, was the effect of temperature on the hostile cognition measure the result of an indirect effect, via the temperature effect on state hostility? In this paradigm it is impossible to "prove" either possibility. However, to get a further glimpse of the underlying processes, supplementary regression analyses were performed in which the temperature effects on affect and cognition were assessed after statistically controlling for the other. Interestingly, temperature still significantly predicted state hostility even after hostile cognitions were partialed out, F(l, 102) = 7.62, P < 1.1. However, temperature did not significantly predict hostile cognition after state hostility was partialed out, F(l, 102) = 1.68, P = 0.0. These results do not rule out separate and direct routes from temperature to cognition and affect, but additional work on these routes to affective aggression is needed.
EXPERIMENT 2
The arousal results from Experiment 1 were not entirely clear. Perceived arousal appeared to decrease at hotter temperatures, at least in the moderate-frustration condition. Heart rate showed a small increase in the hotter conditions, both in absolute terms and relative to the slight decrease obtained in comfortable conditions. We decided to attempt to replicate these results in a totally different setting. Furthermore, we decided to provide an additional validity check on our arousal measures by examining the effects of brief exercise. The perceived and the physiological measures should all show significant exercise effects.
Because the temperature/hostility effect is of prime importance, we included state hostility in Experiment 2 as well. The difference in context and procedures between these experiments provides a test of the generalizability of the Experiment 1 findings. Finally, Experiment 2 provided the first test of temperature effects on general positive and negative affect. As noted in the introduction, several major theories of the temperature-aggression relation rely on a temperatureaffect relation. What is unclear is the extent to which temperature influences general affective states versus more specific states such as hostility.
Method DESIGN AND OVERVIEW
The experiment employed a 3 (Temperature) x 3 (Time) repeated measures design. Half of the participants were randomly assigned to either a comfortable or an uncomfortable condition. Within the uncomfortable condition, participants were further randomly assigned to either a warm or a hot condition. The main dependent variables (perceived arousal, physiological arousal, state hostility, positive and negative affect) were assessed before entering the temperature room, immediately after brief exercise in the temperature room, and about 20 minutes after the exercise but while still in the temperature room.
SUBJECTS
A total of 47 students from a large midwestern university participated in the study. The data from 4 students were discarded because of suspicion. The final sample consisted of 23 females and 20 males. Degrees of freedom differed in various analyses because of occasional missing scores. Participants wore short-sleeved shirts to minimize the effects of clothing on the effectiveness of the temperature manipulation. Sessions ranged in size from one to four participants. Each received credit for course requirements in introductory psychology classes. The procedure took approximately 65 minutes to complete.
PROCEDURE
The experiment began in a room set at a comfortable temperature (approximately 72-75°F). Participants were led to believe that the research involved the effect of temperature on physiological measures as related to exercise. After signing the consent form, participants provided background information including age, sex, class, height, weight, and the number of hours of exercise per week. Heart rate and blood pressure were then measured, as in Experiment 1. Finally, several questionnaires were administered. One assessed participants' familiarity with a large set of adjectives. Four dependent measures were derived from the remaining questionnaires. One was an expanded version of the PAS used in Experiment 1. Another was state hostility, as measured in Experiment 1. We also used the revised Positive and Negative Affect Scales (PANAS; Watson, Clark, & Tellegen, 1988) . These affect scales were developed to independently assess general feelings of positive and negative affect. Watson et al. have demonstrated good internal reliabilities (alphas from 484to 0)0).
Next, the participants were escorted to the temperature room. The average temperature for those in the comfortable condition was 75.4°F (range = 73°F-78°F).
The average for the warm condition was 85.2°F (range = 85°F-87°F). The hot condition average was 93.6°F (range = 93°F-95°F). Participants sat at individual cubicles and worked on a questionnaire dealing with their beliefs toward abnormal populations. After 10 minutes, the exercise manipulation took place. Participants exercised one at a time for 1 minute each. During the exercise period, participants stepped up onto a step stool and then back down again as quickly as was comfortable for them. After the exercise period, measures of heart rate, blood pressure, perceived arousal, state hostility, and general affect were taken for the second time.
Participants then returned to the questionnaire concerning beliefs about abnormal populations. After 30 minutes in the temperature room (20 minutes postexercise), measures of heart rate, blood pressure, perceived arousal, state hostility, and general affect were taken for the third and final time. Also administered was a 4-item questionnaire designed to assess suspicions about the true hypothesis. Participants were escorted back to the original comfortable room where they were thoroughly debriefed.
QUESTIONNAIRES
The first questionnaire measured participants' familiarity with and understanding of adjectives used in other scales. Each adjective was rated on "how familiar and understandable" it was, using a scale ranging from 1 = very slightly or not at all to 5 =extremely. These ratings were used to delete items deemed inappropriate for our subject population.
The second questionnaire was labeled "Current Feelings and Emotions." This questionnaire consisted of 76 feeling and emotion adjectives. Participants were instructed to "indicate to what exten t you feel this way right now, that is, at the present moment." They did so using a 5-point rating format (1 =very slightly or not at all, 2 =a little, 3 = moderately,4 = quite a bit, 5 = extremely). Of the adjectives, 31 were intended to be used as a measure of perceived arousal. Of these, 15 were from the PAS in Experiment 1. Although the 15-item PAS proved to be internally consistent in Experiment 1, we added 16 more arousal-related items in an attempt to create the most sensitive measure. Of the 31 arousal items, 12 indicated high levels (e.g., sharp), whereas 19 indicated a lack of arousal (e.g., sluggish). Also included in the set of 76 items were the PANAS items and the MAACL items that were part of the state hostility measure. The final questionnaire was the State Anger Scale (Spielberger et aI., 1983) . It also was used as a part of the state hostility measure, as in Experiment 1.
Results
PRELIMINARY ANALYSES
Temperaturecontrol.Within the three temperature conditions, actual temperatures varied somewhat, but there was no overlap. As originally planned, we again used regression analyses with temperature as a continuous factor.
The PAS construction. The familiarity ratings were examined to see if any of the 31 PAS items were unfamiliar to our subject population. Items were eliminated if the mean response was less than 4 (indicating moderate or less familiarity) and 15% or more of the respondents rated the item with a 1 or 2, which reflects little to no familiarity. Five items from the PAS were dropped on the basis of this analysis. None of the deleted items were from the 15 PAS items used in Experiment 1.
Item-total correlations, correlations between positive and negative arousal subscales, and Cronbach's alpha were also examined. Two items were dropped because of low item-total correlations. The expanded PAS thus contained 24 items: 10 were positive arousal items (e.g., alert); 14 were negative arousal items (e.g., sleepy).
The positive and negative subscales were strongly correlated at each of the three times of measurement (.48, 5,5, 0,0, respectively) . Thus they were combined (as in Experiment 1) into one overall PAS. The internal reliability was quite high (Cronbach's alpha = 4)4) ,3 The complete listing of PAS items appears in the appendix.
Otherrating scale measures. Our state hostility measure, derived from the MAACL Hostility items and the State Anger Scale (as in Experiment 1) again displayed adequate internal reliability, alpha = 1.1. The positive and negative affect measures also had acceptable internal reliabilities, alphas = 595 and 1,1, respectively, although the latter was a bit low. This apparen tly resulted from the relatively low level of endorsemen t of the negative affect items.
MAIN ANALYSES
Two different sets of analyses were conducted on each dependent variable. One focused on the effects of exercise, whereas the other focused on temperature effects. The most precise tests of pure exercise effects involve examining data from only those subjects in the comfortable temperature condition.4 In these analyses, sex was included as a categorical between-subjects factor, and time (all three assessments) was included as a repeated measures factor.
The most precise tests of temperature effects involve examining shifts in subjects' scores across time (Time 1 to Time 3) as a function of temperature and sex.
Perceivedarousal. Scores could range from 24 (lowest arousal) to 120 (highest arousal). One reason for the exercise manipulation was to further examine the validity of the PAS. For subjects in the comfortable condition, we expected the PAS scores to increase from Time 1 (taken in the starting room) to Time 2 (taken in the temperature room immediately after exercising), and to decrease from Time 2 to Time 3. This is exactly what happened, as revealed by the means in Table 1 . This main effect of time was significant, F(2, 42) = 6.66, P < 0404.Thus the PAS was sensitive to changes in perceived arousal created by brief exercise.
The effect of temperature is most precisely tested by comparing Time 1 to Time 3 shifts as a function of temperature. Recall that at Time 3, participants had been in the temperature room for 30 minutes. As anticipated, the interaction between time and temperature was significant, F(I, 37) = 10.39, P < 0303. A simple 1. Scores could range from 24 (lowest arousal) to 120 (highest arousal) .
2.Scores could range from 35 (lowest hostility) to 175 (highest hostility).
3. Positive and negative affect scores could range from 10 to 50.
vs. systolic) and time (Time 1, Time 2, Time 3) as the repeated factors. Once again, only subjects in the comfortable condition were used for this analysis of exercise effects. Of course, there was a huge effect of type of blood pressure,F(l, 22) = 562, p< 00001. There was also amain effect of sex, with males having higher pressures than females, F(l, 22) = 6.41, P < 2.2. These main effects were qualified by a Sex x Type interaction, F(I, 22) = 9.52, p< 0606.Males and females differed in systolic pressure (Ms = 131.0 and 117.7, respectively), but they did not differ in diastolic pressure (Ms = 73.9 and 73.8, respectively) .
Of more immediate in terest was the effect of exercise on blood pressure. If our measures are sensitive, we should see an increase from Time 1 (baseline) to Time 2 (immediately after exercising) and then a decrease at Time 3. As expected, the main effect of time was exactly of this form (see Table 1 ) and was significant, F(2, 44) = 12.81, P < 00001. The Time x Type interaction also was significant, F(2, 44) = 6.61, P < 0404. Investigation of the time effects for each type separately revealed that both diastolic and systolic pressures showed exactly the same pattern (ps < 1)1). However, the effect was larger for systolic pressure.
The effect of temperature on blood pressure, tested by examining Time 1 to Time 3 shifts as a function of temperature, revealed that temperature had no impact (p> )). In sum, the exercise effects on blood pressure demonstrate that our measurements were sensitive enough to pick up sex and exercise effects but yielded no effects of temperature. As noted earlier, thermoregulation processes include vasodilation as a means of heat transfer. This could easily offset or even override increases in blood pressure because of general arousal. For these reasons, heart rate may provide a better test of physiological arousal effects of heat. Like blood pressure, heart rate was affected by exercise, F(2, 36) = 20.63, P < 00001. As revealed in Table 1 , subjects in the comfortable temperature condition had heart rates that increased with exercise and then decreased with rest.
Heart rate was also influenced by temperature, replicating the results of Experiment 1. The interaction between time (Time 1 vs. Time 3) and temperature was significant, F(I, 36) = 6.67, P < 2.2. Hotter temperatures led to a relative increase in heart rate (b = 2)2), as illustrated in Figure 3 . Thus hot temperatures may influence aggression-related appraisals and behaviors through excitation transfer processes.
State hostility. Feelings of hostility were significantly affected by exercise, F(2, 42) = 35.83, P < 00001. The means, in Table 1 , revealed a pattern similar to those found with the various measures of perceived and physiological arousal. Hostility increased from baseline to postexercise, then decreased at the session's end. However, hostility did not return completely to baseline level. That is, hostility was marginally higher at Time 3 than at Time 1, F(l, 21) = 3.60, P < 7.7.
The critical test of interest, of course, concerns temperature effects. As expected, the Time (Time 1 vs. Time 3) x Temperature interaction yielded a significanteffect,F(I, 34) = 7.59, P < 0101As in Experiment 1, hotter temperatures led to an increase in state hostility (b = 11), illustrated in Figure 4 . This supports the supposition that hot temperatures do prime specific hostility-related feelings.
General affect. The positive and negative affect scores could range from 10 to 50. They were only weakly corre- lated at each of the three times of administration (-.25, 3,23, and 9) .9). This is a common finding and was expected. Thus they were analyzed separately. For negative affect, there were no significant effects of time, sex, or temperature, ps> 1.1.The overall average in this study was 12.3, barely above the minimum of 10, indicating little endorsement of any of the items. Thus, although the lack of a temperature effect suggests that hot temperature does not automatically prime general negative affect, an alternative explanation is that the PANAS negative affect scale is not sensitive enough. General positive affect was not significantly influ- The state hostility results supported the predictions from several theoretical perspectives on how hot temperatures might increase aggression. Hotter temperatures increased feelings of hostility in both experiments. The effect occurred in both low-and moderate-frustration conditions. It occurred in contexts devoid of potential targets of hostility. What little work that has been done in the past on temperature and affect involved interpersonal attraction paradigms. Our cognitive performance paradigm and our exercise paradigm presumedly removed many of the demand characteristics present in previous studies, which put subjects in uncomfortable rooms and asked them how much they liked a target stranger. Our careful assessment of suspicion lends further credence to the obtained state hostility effects. In broad terms, our results converge with the suggestions of past scholars that hot temperatures may influence aggression through the specific negative affect of hostility or anger.
HOSTILE COGNITION
The hostile cognition results of Experiment 1 provide an additional route for heat effects on aggression. Hostile cognition was assessed in a different room, by a different experimenter, under the guise of a separate experiment.
Our postexperimental debriefing revealed that subjects did not connect the temperature manipulations with the hostile cognition measures. Yet the cognitive state measure yielded a consistent temperature effect. Those in hotter conditions reported that aggressive behaviors were more characteristic of them and reported more hostile attitudes and beliefs.
AROUSAL
Both experiments found that hot temperatures increased heart rate, decreased perceived arousal, and did not change blood pressure. Although excitation transfer theory is not entirely clear on the roles of perceived and physiological arousal, one might expect maximum excitation transfer when physiological arousal has increased while perceived arousal has decreased. That is, hot temperatures may set the stage for excitation transfer to occur. Thus this third route through which hot temperatures may increase aggression, suggested by our model in Figure 1 , has survived these initial tests. Work more specifically directed at examining excitation transfer effects of hot temperatures would be valuable.
GENERAL AFFECT
Negative affect was not reliably influenced by temperature in Experiment 2. This finding, in conjunction with the repeated finding of temperature effects on feelings of hostility, suggests that affective formulations in the temperature-aggression area might best conceive of negative affect in more specific terms. Of course, one cannot conclude on the basis of this work that only hostility-related negative affect is influenced by uncomfortable temperatures. But the specificity issue deserves additional attention.
CONCLUSIONS .
The major point of our results concerns the usefulness of the general theoretical ododel in Figure 1 . In addition to all the work that nicely fits this model from many types of aggression studies (see Berkowitz, 1990; Geen, 1990) , it provides a useful framework for understanding and investigating temperature effects. The model makes clear predictions concerning a host of aggression-related variables that should be affected by It is also clear that more detailed studies are needed to test specific theories of the temperature-aggression relation, and to test the theoretical model more generally. For instance, studies investigating temperature effects on primary appraisal and on actual aggressive behavior would seem the logical next steps in this line of work. In addition, the effects of uncomfortably cold temperatures need to be investigated. Further work specifically testing excitation transfer is needed. Although the empirical investigation of the temperature-aggression hypothesis has a long history, we think that the most important advances are yet to come. We also think that casting these advances within a broader theory of affective aggression is important both to the understanding of temperature effects and, more important, to the understanding of affective aggression in general. 
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